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Abstract 
In this paper, we developed for the results relating to skip-lot sampling plan V with single 
sampling plan as reference plan indexed through minimum angle in operating characteristic 
curve based on incoming and outgoing quality levels. Tables are constructed for the selection 
of the plan parameters which involve method of minimum angle criteria. 
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INTRODUCTION 
Acceptance sampling tools creates a bridge 
between 0% and 100% inspections.  For 
the inspection of the products, only a small 
amount from the products, a sample of size 
‘n’ is selected from large amount of the 
products, which is also called a lot.  The 
decision on the complete lot whether to 
accept or to reject depends on the 
information found from the selected 
sample size.  The simple acceptance 
sampling plan named the single-sampling 
plan is generally used in industrial 
applications to examine the final products 
due to its acceptance for further 
implementation.  In a life test, the cost of 
the inspection is directly related to the 
sample size selected to put on the test.  
 
The acceptance sampling plan plays a 
dominant role based on both producer and 
consumer risks. The risks have 
increasingly common in maintaining the 
quality products especially in industries. 
These problems should be 
measuredconcurrently when determining 
the quality assessment. Under skip-lot 
sampling inspection, samples may be 
come from only a section of the submitted 
lots. Perry (1970) has established a system 
of sampling inspection plan identified as 
SkSP-2.  This plan contains inspection of 
only some fraction ‘f’ of the submitted lots 
when quality of the given product is good 
as confirmed by the quality antiquity. 
These plans are appropriate to products 
which are produced or supplied in 
consecutive lots or consignments. Under 
MIL-STD1235C SkSP V was presented. 
In future a new type of skip-lot sampling 
plan was labeled as SkSP-V sampling 
procedure, developed for the quality for 
nonstop flow of bulk products. 
 
A Review on Skip-lot Sampling Plan  
Skip-lot sampling plans is a lot-by-lot 
sampling inspection plans which has a 
running to inspect a fraction of submitted 
lots when the quality of the products is 
finest as proven by the producer’s quality 
antiquity. These plans are generally an 
extension of continuous sampling plans. The 
skip-lot sampling plans uses the standard 
attribute sampling plans to inspect the lots 
which are called as the reference sampling 
plan. Dodge (1955) introduced skip-lot 
sampling plan of type SkSP-1 which is 
very much useful when the submitted lots 
are accepted successively by lot-by-lot 
inspection and all the inspected lots are 
accepted then skipping inspection for 
subsequent lots may be adopted. If any of 
the randomly selected lots is rejected 
under skipping inspection then revert to 
usual inspection which is termed as normal 
inspection. This procedure was developed 
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based on the principles of continuous 
sampling plan of type CSP-1 of Dodge 
(1943) which was developed for 
continuous series of units. 
 
Perry (1970) has derived the OC and ASN 
functions of SkSP-2 and proved that the 
average sample number obtained by 
adopting SkSP-2 plan is smaller than the 
average sample number obtained by 
individual reference plan. Further, Perry 
tabulated unity values of SkSP-2 with 
single sampling plan under the conditions 
of Poisson distribution as reference plan 
for the specified producer’s risk at 5% and 
consumer’s risk at 10%. Furthermore, the 
efficiency of skip-lot plans over the 
reference plan has been evaluated by using 
operating ratio as the measure of 
discrimination. Perry also tabulated the 
values of nAOQL under Poisson 
distribution and discussed the method of 
selecting SkSP-2 which minimizes the ATI 
for a specified process average.  
 
Perry (1973 b) developed three 2-level 
skip-lot plans designated as Plan 2L.1, 
Plan 2L.2 and Plan 2L.3. Plan 2L.1 was 
constructed based on the multi-level 
continuous sampling plans of Lieberman 
and Solomon (1955) and Plan 2L.2 was 
developed based on tightened multi-level 
continuous sampling plans of Derman et al 
(1957). The Plan 2L.3 is a new plan 
proposed by Perry (1973 b) which best for 
record keeping and easier to implement 
than Plans 2L.1 and 2L.2. 
 
Stine (1974) applied the procedure of skip-
lot sampling plan of typed Plan 2L.3 and 
designated as SKIP, to achieve cost 
reduction in US Army ballistic tests. 
Further, Endres (1976) reported the 
procedures of project SKIP and derived 
the OC function for SKIP. Brugger (1975) 
determined the OC functions for 2-level 
skip-lot plans through Markov chain 
approach. Lenz and Wilrich (1978) 
compared MIL-STD-105D scheme with 
modified 2-level skip-lot plan of type plan 
2L.1 and detected that the OC curves of 
MIL-STD-105D and skip-lot plan are 
matched and also observed that the 
inspection cost is lesser in skip-lot plans.  
 
Parker and Kessler (1981) presented 
animproved skip-lot plan named as 
MSkSP-1 which gives fortification against 
lots that are manufactured when the 
process was completely out of control and 
also derived the basic measures of the 
plan.  
 
Carr (1982) proposed a CSP-M one level 
skip-lot sampling plan named as CSP-M 
SkSP which is a special purpose plan 
which can be practicalusage for the lots of 
uniform quality are submitted significantly 
in the order of assembly. Cox (1982) 
proposed an application of skip-lot 
procedure in combination with the use of 
MIL-STD-105D and observed that if the 
items come from a continuous 
manufacturing process having balanced 
level of quality history then the inspection 
cost can be reduced using skip-lot rule. 
Liebesman and Saperstein (1983) 
highlighted the need for skip-lot program 
to determine when to shift to skipping 
inspection, when to shift to normal 
inspection and when to interrupt skipping 
inspection. Further, the need for zero 
acceptance number sampling plan as the 
reference plan under skip-lot sampling plan 
was emphasized by Govindaraju (1984) and 
proposed a search procedure for selection of 
plan parameters for SkSP-2 with zero 
acceptance number single sampling plan as 
reference plan under the conditions of 
binomial and Poisson distribution. Also, 
Liebesman (1987) developed a standard 
skip-lot sampling program by combining all 
the attribute lot-by-lot sampling plans in 
MIL-STD-105D. This skip-lot standard 
helps to reduce the cost of inspection of high 
quality products and to provide an incentive 
for suppliers of high quality products to 
maintain excellent quality levels. 
 
Soundararajan and Vijayaraghavan (1989) 
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extended SkSP-2 procedure based on the 
principle of continuous sampling plan of 
kind CSP-2 of Dodge and Torrey (1951) 
which is designated as skip-lot sampling 
plan of type SkSP-3. Further, the 
performance measures such as OC and 
ASN functions are derived using power 
series approach. They also developed a 
methodology for determining the plan with 
zero acceptance number single sampling 
plans as reference plan through unity value 
approach. Suresh (1993) proposed a 
methodology for selection of SkSP-2 plan 
parameters based on relative slopes at the 
specified consumer and producer risks.  
 
Vijayaraghavan (1994) constructed unity 
value tables for selection of skip-lot 
sampling plan of type SkSP-2 with zero 
acceptance number single sampling plan as 
reference plan under Poisson model. Also, 
discussed a selection procedures for 
designing the plans indexed by IQL, AOQL 
and maximum allowable percent defective 
(MAPD). Vijayaraghavan and 
Soundararajan (1998) given a procedure for 
skip-lot sampling inspection plan SkSP-2 
with double sampling plan as reference 
sampling plan. This plan decreases the 
sample size and produces more capable 
plans in arrival for the same sampling 
strength. Further, they studied the 
efficiency of the SkSP-2 with double 
sampling plan as reference plan over 
double sampling plan and highlighted the 
need for smaller acceptance numbers plans 
also, proposed methods for selecting the 
plans indexed by AQL, LQL and AOQL. 
 
Vijayaraghavan (2000) derived the OC and 
ASN functions of SkSP-3 using Markov 
chain approach and proposed a designing 
methodology for selection of SkSP-3 with 
zero acceptance number single sampling plan 
as reference plan indexed through AQL and 
LQL. Further, a designing criterion based on 
AOQL along with AQL is also proposed. 
Vijayaraghavan (2009) constructed tables for 
the selection of SkSP – 3 with single 
sampling plan as reference plan indexed 
through IQL, MAPD and AOQL for the 
Poisson model. Aslam et al. (2010) 
developed tables for determining plan 
parameters of SkSP-2 using single sampling 
plan as reference plan which includes 
parameters of reference plan such that the 
specified producer’s and consumer’s risks are 
satisfied simultaneously. 
 
Balamurali and Jun (2011) developed a 
new system of skip-lot sampling plan 
based on the principles of continuous 
sampling plan of type CSP-V which is 
designated as SkSP-V. This plan requires 
the return to the normal inspection 
whenever the lot is rejected, but it has a 
provision for a reduced normal inspection 
upon demonstration of superior product 
quality. Further, they investigated the 
properties of SkSP-V plan with single 
sampling plan as reference plan.  
 
Suresh and Barathan (2012) constructed 
SkSP-2 with chain sampling plan of type 
(ChSP-1) as reference plan indexed 
through relative slopes which is described 
as the degree of steepness on the OC 
curve. Aslam et al. (2012) proposed an 
optimal designing methodology for skip-
lot sampling plan of type SkSP-V with 
double sampling plan as reference plan. 
Further, Aslam et al. (2015) proposed 
SkSP-V sampling plan based on the 
process capability index and the plan 
parameters are obtained by satisfying both 
consumer and producer’s specifications. 
Suresh and Kavithamani (2014) developed 
and optimized SkSP-V with various 
standard lot–by–lot sampling plans as 
reference plans and optimized them 
through minimum angle method and 
minimum sum of risk criteria. Further, 
they developed SkSP-V through various 
Bayesian attribute sampling plans as 
reference plans indexed through AQL, LQL 
and relative slopes. Also it provides an 
analysis of operating characteristic curves 
and a search procedure for determining the 
plan parameters satisfying the specified 
consumer’s and producer’s requirements. 
Further, the efficiency of the proposed 
plan is analyzed over its reference plan. 
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Table 1: Minimum Angle SkSP–V with SSP plans for given OR and np1 for i= 1, k=2. 
OR f 2/3 
  
1/2 
  
1/3 
  
1/4 
  
 
np1 ntanθ α β ntanθ α β ntanθ α β ntanθ α β 
 
0.03 2.3501 0.12 8.38 2.3692 0.09 8.68 2.3712 0.06 9.27 2.3917 0.04 9.85 
 
0.04 3.3865 0.20 3.43 3.3867 0.15 3.48 3.3888 0.10 3.59 3.3919 0.08 3.70 
 
0.05 4.2749 0.31 1.44 4.2720 0.23 1.45 4.2695 0.16 1.47 4.2687 0.12 1.49 
85 0.06 5.0938 0.44 0.61 5.0882 0.33 0.61 5.0827 0.22 0.62 5.0801 0.17 0.62 
 
0.07 5.8309 0.60 0.26 5.8221 0.45 0.26 5.8133 0.30 0.26 5.8089 0.23 0.26 
 
0.08 6.7798 0.77 0.11 6.7669 0.58 0.11 6.7539 0.39 0.11 6.7473 0.29 0.11 
 
0.09 7.6373 0.96 0.05 7.6191 0.73 0.05 7.6008 0.49 0.05 7.5916 0.37 0.05 
 
0.1 8.5019 1.18 0.02 8.4773 0.89 0.02 8.4524 0.60 0.02 8.4398 0.45 0.02 
 
0.15 12.9250 2.51 0.00 12.8465 1.92 0.00 12.7662 1.30 0.00 12.7254 0.98 0.00 
 
0.04 3.3060 0.20 4.21 3.3071 0.15 4.30 3.3110 0.10 4.46 3.3158 0.08 4.62 
 
0.05 4.0375 0.31 1.86 4.0350 0.23 1.87 4.0332 0.16 1.91 4.0329 0.12 1.94 
 
0.06 4.8010 0.44 0.83 4.7959 0.33 0.83 4.7908 0.22 0.84 4.7885 0.17 0.84 
80 0.07 5.5840 0.60 0.37 5.5758 0.45 0.37 5.5675 0.30 0.37 5.5634 0.23 0.37 
 
0.08 6.3798 0.77 0.17 6.3676 0.58 0.17 6.3554 0.39 0.17 6.3492 0.29 0.17 
 
0.09 7.1847 0.96 0.07 7.1676 0.73 0.07 7.1503 0.49 0.07 7.1416 0.37 0.07 
 
0.1 7.9969 1.18 0.03 7.9737 0.89 0.03 7.9503 0.60 0.03 7.9385 0.45 0.03 
 
0.15 12.1557 2.51 0.00 12.0819 1.92 0.00 12.0064 1.30 0.00 11.9679 0.98 0.00 
 
0.2 16.5022 4.25 0.00 16.3359 3.28 0.00 16.1637 2.25 0.00 16.0752 1.71 0.00 
 
0.04 3.1288 0.20 5.19 3.1312 0.15 5.31 3.1375 0.10 5.56 3.1447 0.08 5.80 
 
0.05 3.8029 0.31 2.39 3.8009 0.23 2.42 3.8000 0.16 2.47 3.8006 0.12 2.53 
 
0.06 4.5105 0.44 1.12 4.5057 0.33 1.13 4.5013 0.22 1.14 4.4993 0.17 1.15 
75 0.07 5.2389 0.60 0.53 5.2311 0.45 0.53 5.2234 0.30 0.53 5.2197 0.23 0.53 
 
0.08 5.9810 0.77 0.25 5.9695 0.58 0.25 5.9581 0.39 0.25 5.9523 0.29 0.25 
 
0.09 6.7328 0.96 0.12 6.7168 0.73 0.12 6.7006 0.49 0.12 6.6925 0.37 0.12 
 
0.1 7.4924 1.18 0.06 7.4707 0.89 0.06 7.4487 0.60 0.06 7.4377 0.45 0.06 
 
0.15 11.3865 2.51 0.00 11.3173 1.92 0.00 11.2465 1.30 0.00 11.2106 0.98 0.00 
 
0.2 15.4577 4.25 0.00 15.3020 3.28 0.00 15.1407 2.25 0.00 15.0578 1.71 0.00 
 
0.05 3.5715 0.31 3.09 3.5703 0.23 3.14 3.5708 0.16 3.23 3.5727 0.12 3.32 
 
0.06 4.2227 0.44 1.52 4.2185 0.33 1.53 4.2147 0.22 1.55 4.2133 0.17 1.57 
 
0.07 4.8959 0.60 0.75 4.8887 0.45 0.75 4.8816 0.30 0.76 4.8782 0.23 0.76 
70 0.08 5.5837 0.77 0.37 5.5731 0.58 0.37 5.5624 0.39 0.37 5.5571 0.29 0.37 
 
0.09 6.2822 0.96 0.18 6.2672 0.73 0.18 6.2521 0.49 0.18 6.2445 0.37 0.18 
 
0.1 6.9887 1.18 0.09 6.9684 0.89 0.09 6.9480 0.60 0.09 6.9376 0.45 0.09 
 
0.15 10.6173 2.51 0.00 10.5528 1.92 0.00 10.4868 1.30 0.00 10.4532 0.98 0.01 
 
0.2 14.4133 4.25 0.00 14.2681 3.28 0.00 14.1177 2.25 0.00 14.0404 1.71 0.00 
 
Selection procedure for SkSP-V with 
Conditional Repetitive Group Sampling 
Plan using Minimum Angle 
One can find the parameters for sampling 
plan from Table 1 within minimum 
tangent angle (ntanθ) by the following 
procedure. 
1) Calculate the operational ratio p2/p1. 
2) With the calculated value of p2/p1, 
enter the value from the table lead by 
p2/p1this is equal to or just greater than 
the calculated ratio. 
3) The sample size is thus obtained as n = 
np1/p1, wherenp1values are given in the 
column headed corresponding to the 
ratio p2/p1,the parameter n can be 
computed.  
4) The minimum angle can be found as θ 
= tan
-1(ntanθ/n) 
 
Selection of plan for given i, k, f, p1and 
p2 
To select a plan for given c1, c2, i, k, f, icrgs, 
p1and p2, first calculate the operating ratio 
p2/p1
.
Select and then the table 
corresponding to the given ‘i’, ‘k’ and 
locate the value or in the row headed with 
OR which is very close to the desired ratio.  
The parameter np1 and ntanθare can 
obtained from the  table corresponding to 
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given ‘c1’, ‘c2’, ‘i’, ‘k’, ‘icrgs’ and ‘f’ along 
with producers and consumers risk.  The 
sample size thus obtained as n = np1/p1 
and the minimum angle θ = tan-1(ntanθ)/n. 
 
For example, given i = 2, k = 2, icrgs= 2, f = 
1/3, p1= 0.01, p2= 0.20 one can compute 
p2/p1 = 0.20/0.01 = 20.  The OR value 
exactly equal to 20 with i = 2, k = 2,   icrgs= 
2, f = 1/3 one find the following values for 
skip-lot plans from the constructed Table 1 
ntanθ = 4.9725 c1= 1 c2 = 2 α = 0.12%  β 
= 4.36%  
ntanθ = 5.8165 c1= 1   c2 = 2 α = 0.21% β 
= 1.79% 
ntanθ= 6.7116 c1= 1 c2 = 3 α = 0.18% β 
= 0.74% 
ntanθ= 7.6451 c1= 1 c2 = 3 α = 0.29% β 
= 0.30% 
The skip lot plans corresponding to 
minimum angle from the above set of 
values are when i = 2, k = 2, icrgs = 2, f = 
1/3. 
 (1, 2, 20, 0.25) with θ = 11.25 α = 
0.12%  β = 4.36%  
(1, 2, 20, 0.30) with θ = 10.97 α = 
0.21% β = 1.79% 
 (1, 3, 20, 0.35) with θ = 10.86 α = 
0.18% β = 0.74%  
 (1, 3, 20, 0.40) withθ = 10.82 α = 0.29%
 β = 0.30% 
Thus for given i = 2, k = 2, icrgs = 2,  f = 
1/3, the minimum angle plan is (1, 3, 20, 
0.40) 
 
Construction of Tables 
The probability of acceptance for SkSP-V 
with CRGS as reference plan designated as 
SkSPSSP-V plan will be  
1
1 2 2
(1 ) ( )
( , , , ,c )
(1 ) (1 )
i k i k
a i k k i
fP f P fP P P
P f i k c
f P P f P


   

   
(1) 
Where 
1
a
i
c a
P
P
P P


 (2) 
is the OC function under Conditional 
Repetitive Group Sampling plan. 
When np1and p2/p1 are known np2 can be 
calculated from np2 = np1 (p2/p1). 
The following search procedure is used to 
obtain the parametric value, fixing α = 
0.05 and β = 0.10  
1) Set c1 = 1, c2 = 2  
2) Compute α and  β using equation 1 and 
2 for given c1, c2,i, k, f, icrgs, np1and OR 
3) If Pa(p1) ≥ 1- α go to step (6) 
If Pa (p2) ≤ β  go to step (6) 
4) Find ntanθ using np1, α and β and 
computed np2 = OR x np1 
1) Record minimum of ntanθ 
2) Increase ‘c’by 1 go to step (2)  
 
The given search procedure is used to 
obtain the optimum parametric value for c 
which reduce the tangent angle for certain 
specific values of np1 and np2 by charge 
the producer risk below 5% and consumer 
risk below 10%. Computer program is 
used to search for optimum parametric 
values. 
 
Search procedure for SkSP-V with SSP 
using Minimum Angle 
One can find the parameters for sampling 
plan from Table 1 within least angle 
tangent angle (ntanθ) by the following 
method 
Compute the operating ratio p2/p1 
With the computed values of p2/p1 enter 
the value from the table headed by p2/p1 
this is equal to or just greater than the 
computed ratio. 
The sample size is obtained as n= np1/p1, 
since θ is known, the parameter n can be 
computed. 
Thus the minimum angle can be found as 
(θ=tanθ/n) 
 
Example 
For given p1=0.05, p2=0.219, α=0.01, 
β=0.10, one can obtain from Table 1 as 
follows 
p2/p1=4.38 
Tabulate p2/p1=4.382022 
Hence np1/p1=8.1. From this the 
parameters of SSP can be obtained as n=8 
and c=1, i=1, k=1, f=2/3 respectively. 
When c=1,i=1, k=1, f=2/3 the skip-lot 
sampling plan with single sampling plan 
corresponding to minimum angle from the 
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above set of values are θ=tan-1(ntanθ/n) 
OR = 80 
ntanθ=4.0375 α=0.05 β=0.10 θ=29.8355 
ntanθ=4.0350 α=0.05 β=0.01 θ=27.4120 
ntanθ=4.0332 α=0.01 β=0.10 θ=28.7118 
ntanθ=4.0329 α=0.01 β=0.01 θ=26.4480 
Therefore θ=tan-1(ntanθ/n) = 26.4480 
Thus the plan c=1,i=1,k=1,f=2/3, α=0.01, 
β=0.01 is determined with minimum angle 
θ=26.4480. 
 
Operating Procedure  
1) Calculate the operating ratio p2/p1   
2) With the calculated value of p2/p1  , 
enter table 3 with row headed by p2/p1  
which is equal to or just smaller than 
the calculated ratios. 
3) The parameters c,i,k and f of the SkSP-
V with SSP are attained from the  table 
, one proceeds from left to right with 
the row identified in step 2, such that 
the tabulated producer risk and 
consumer risks are equal to or just 
lesser than the desired values 
 
CONCLUSION 
This study mainly relates to Skip-Lot 
sampling plan-V with single sampling plan 
as reference plan indexed through 
minimum angle criteria. The selection 
procedures are based on quality levels 
associated with operating characteristic 
functions. For practical applications of the 
proposed sampling plan, tables are 
presented which are useful for both 
producer and consumer towards obtaining 
good quality products with less inspection 
costs.This is an improved methodology 
which has more practical applications not 
only in the manufacturing sector but also 
in the service sector, when compared to 
classical plans. This will help the 
engineers and quality controllers to decide 
on the lot size depending on the producer 
and consumer specifications. This is the 
main idea with which this work is carried 
out and presented in tables of this paper. 
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